Abstract. In order to solve the integer optimization problem and improve the search efficiency of GPS ambiguity resolution, in view of the problem characteristics, an integer artificial fish swarm algorithm (IAFSA) is introduced to solve the problem of integer ambiguity resolution. The algorithm added the integer constraints to the classical AFSA and adopted a attenuation factor to adjust the visual field and step length of the artificial fish adaptively. According to the simulation results, compared with the genetic algorithm (GA), the IAFSA can get integer ambiguity solution quickly, and has the higher search efficiency and reliability.
Introduction
Artificial fish-swarm algorithm (AFSA) is a modern heuristic optimization algorithm [1] [2] . The basic principle of the algorithm is simulated by constructing artificial fish preying, swarming and following behavior, and reaching the global optimum prominent through local optimization of each fish in the group object. The algorithm has the ability of parallel, high efficiency and strong ability to obtain the global optimal solution [3] [4] . Currently, the algorithm has been widely used in combinatorial optimization, parameter estimation and other problems, and has achieved good results on multi class continuous function optimization problems [5] [6] [7] [8] [9] [10] . However, as for the optimization problems with integer domain, the AFSA need integer constraints to meet the characteristic of the problem.
In this paper, we proposed an integer artificial fish-swarm algorithm(IAFSA) to improve the search process of the classical AFSA with integer constraints, and to improve the problems of fixed visual and fixed step length. This algorithm realizes the optimization of the discrete integer points by the artificial fish, so as to solve the problem of integer optimization. In the simulation, the algorithm is applied to the GPS integer ambiguity problem [11] and a good result is obtained.
The Integer Artificial Fish-swarm Algorithm(IAFSA)
The definition of algorithm and its mathematical description are as follows: The state of artificial fish(AF) is expressed as X X X X s t e pr a n d X X
In the Eq. 1,    represents the rounding-off method, and rand is the random number between   0,1 .
Swarming behavior: Set f n for the number of partners in the current perception , that companion center has less food and is not too crowded, and then goes forward a step in this direction. Otherwise, the preying behavior is carried out. The pseudocode of swarming behavior is shown as follows:
X be the companion with least food in the current perception
which means that companion min
X has less food and is not too crowded, and then goes forward a step in the direction of min X . Otherwise, the preying behavior is executed. One step state transition equation for AF is expressed as:
Random behavior: In the field of view, the artificial fish randomly select a state, and then move to the direction. And the random behavior is a default behavior of preying behavior.
Bulletin board: The algorithm is provided with a bulletin board, which is used to record the best state of the optimal AF.
In view of the actual problem, in the initial stage of the algorithm, a larger visual parameter and a larger step size make its rapid convergence to the pre-optimization of local area, and in the later stage of the algorithm, a smaller visual parameter and small step size is used in the local area to realize the optimization of high precision. Therefore, the attenuation factor  is introduced into the form of the visual field and the step size and is shown as follows:
Step
Where, GEN is the iterations, MAXGEN is the maximum iterations. According to the above definition, the main steps of the IAFSA can be described as follows: Figure 1 . Flowchart of IAFSA's optimization framework.
The Description of the GPS Ambiguity Resolution
In the GPS technology, the ambiguity float solution N and the corresponding covariance matrix N Q can be estimated by the Kalman filtering process. However, the final integer ambiguity solution could not be obtained by rounding the float solution simply, it is necessary to search with restrictions according to a certain rule. Therefore, let the following quadratic objective function Eq. 4 be minimum to solve the final integer ambiguity.
For the solution of the Eq. 4, first identified an integer vector to set as the search space, and searched out the final integer ambiguity solution according to the principle of the minimum objective function. In the application of GPS short baseline, the baseline length is used as the constraint condition, and the search space is constructed as follows:
In the Eq. 5, l is the baseline length, , 1,2
represent the carrier wave length of L1 and L2 respectively.
Then, a decorrelation algorithm is adopted to reduce the dependency between ambiguity solutions [12] . The specific process is as follows:
Step 1. Using the permutation matrix S to arrange the diagonal elements of N Q as:
Step 2. Using the integer decomposition
Step 3. Using the Eq. 7 to obtain the matrix after decorrelation:
Repeating the step 1 to step 3 k times, and then the transfer matrix Z ,the decorrelation of float solution ˆZ N and the corresponding covariance matrix Ẑ Q are given as:
ˆˆT Z N Q ZQ Z  .
Simulation Results
In order to verify the effectiveness of the IAFSA, the floating point solution and its covariance matrix after decorrelation is selected as: 
The food concentration function corresponding to the objective function in the Eq. 3 was selected as We can found in Fig. 2 that there are many local minimums before the decorrelation and only one minium peak after decorrelation. Therefore, the decorrelation can avoid the artificial fish algorithm trapped in local optimal solution and improves search efficiency and accuracy of the IAFSA. Fig. 3 gives the changing process of the food concentration function Y in the integer ambiguity solution: Figure 3 . The FC changing process in interations.
In the Fig. 3 , the IAFSA converged after searching for 30 generations so that the searching space is 1500( 30 50  ), which accounting for 2.18% of the problem space ( 3 41 ). Fig. 4 gives the Spatial distribution of fish: We can learn from Fig. 4 that during the iteration of IAFSA, the most of the artificial fish has swarmed to the global extremum. It means that the algorithm has the ability to jump out of the local extremum and achieves the global optimization.
Then, we perform the experiments using genetic algorithm(GA) and IAFSA respectively. The results show that the IAFSA is shorter and the search efficiency is higher when the accuracy is the same. The calculation of the value and the calculation time in the integer ambiguity resolution using GA and IAFSA algorithm are shown in Table 1 Through the above analysis, we can know that the AFSA algorithm has better reliability, robustness, and better application value.
Conclusions
In this paper, we added the integer constraints to the classical AFSA and adopted a attenuation factor to adjust the visual field and step length of the artificial fish adaptively, and the IAFSA is proposed, which can solve the problem of integer optimization. The algorithm is applied to the GPS integer ambiguity problem, and has achieved good results. The simulation results show that compared with genetic algorithms, the IAFSA is better than the reliability of the results of genetic algorithms, and has high search efficiency and short time-consuming.
